To generate normative data on the Modified Card Sorting Test (M-WCST) across 11 countries in Latin America, with country-specific adjustments for gender, age, and education, where appropriate. METHOD: The sample consisted of 3,977 healthy adults who were recruited from Argentina, Bolivia, Chile, Cuba, El Salvador, Guatemala, Honduras, Mexico, Paraguay, Peru, and Puerto Rico. Each subject was administered the M-WCST as part of a larger neuropsychological battery. A standardized five-step statistical procedure was used to generate the norms. RESULTS: The final multiple linear regression models explained between 2-33% of the variance in M-WCST scores. Although t-tests showed significant differences between men and women from seven different countries on the M-WCST, the effect sizes were small. As a result, gender-adjusted norms were not generated.
Introduction
The Modified Wisconsin Card Sorting Test (M-WCST; Nelson, 1976) , an adaptation of the Wisconsin Card Sorting Test (WCST; Berg, 1948; Grant & Berg, 1948) , is a widely used neuropsychological test for assessing higher-order cognitive functioning, or executive functioning, that is associated with the frontal lobes of the brain. For successful completion of the M-WCST, the use of abstract reasoning, strategic planning, organized searching, integration of external feedback, mental flexibility, and impulse control are required (Nelson, 1976) . Inability to perform such tasks on the M-WCST indicates executive dysfunction.
The original WCST consists of two sets of 64 response cards and four stimulus cards on which the stimulus cards depict a red triangle, two green stars, three yellow crosses, and four blue circles, respectively. The response cards, which have similar patterns but vary in color, geometric shape, and number, are then used to match each card to the four stimuli cards. The individual is given feedback for each turn regarding the correctness of their response. However, the WCST included some ambiguous stimuli that could be classified into more than one category, making the nature of the deficits unclear, and leading to participant frustration (Nelson, 1976; de Zubicaray & Ashton, 1996) .
The M-WCST consists of two sets of 24 response cards, and overcomes the limitations of the WCST by removing the ambiguous stimuli, thus making the test less susceptible to floor effects, especially in older adults and those in rehabilitation settings (Greve, Biachini, Hartley, & Adams, 1999) . Individuals are asked to produce six consecutive successful card sorts to complete a category and are told when the target category is changed, after which they must identify the new rule by sorting the cards properly (Nelson, 1976) . The test provides information on aspects of problem solving, such as how many categories are successfully achieved, number of perseverative errors (i.e., failure to utilize negative feedback to change sorting strategy), and number of non-perseverative errors. With these modifications, the M-WCST is considered a completely separate measure from the WCST (de Zubicaray & Ashton, 1996) . Accordingly, only studies utilizing the M-WCST will be summarized.
The M-WCST has been used as a measure of cognitive deficits and frontal lobe functioning in clinical studies with myriad populations. Such studies have evaluated individuals with dementia (Nedjam, Devouche, Dalla Barba, 2004; Traykov et al., 2005) ; Alzheimer disease (Bondi, Monsch, Butters, Salmon, & Paulsen, 1993; Paolo, Axelrod, Troster, Blackwell, & Koller, 1996) ; Parkinson's disease (Petrova, Raycheva, Zhelev, & Traykov, 2010 ); Huntington's disease (Peinemann et al., 2005; Snowden, Craufurd, Griffiths, Thompson, & Neary, 2001 ); temporal and frontal lobe epilepsy (Giovagnoli, 2001) ; traumatic brain injury (Fork et al., 2005) ; frontal lobe lesions of various etiologies (Nelson, 1976; Van den Broek, Bradshaw, & Szabadi, 1993) ; amnesia of various etiologies (Hunkin, Parkin, & Longmore, 1994) ; schizophrenia (Chan et al., 2011) ; chronic alcoholism (Joyce & Robbins, 1991) ; anorexia nervosa (Fassino et al., 2001) ; and psychopathy (Pham, Vanderstukken, Philippot, & Vanderlinden, 2003) .
Demographic variables such as age, education, sex, and intellectual ability have been significantly associated with performance on the M-WCST. The number and percent of perseverative errors (de Zubicaray, Smith, Chalk, & Semple, 1998) , number of nonperseverative errors, and number of categories achieved (Lineweaver, Bondi, Thomas, & Salmon, 1999) have been positively associated with age. Additionally, Axelrod & Henry (1992) demonstrated an increase in perseverative errors after age 60, and Crawford, Bryan, Luszcs, Obonsawin, & Stewart, (2000) found declined performance in those aged 60 to 75 compared to 18 to 60 year olds. Years of education have been negatively associated with non-perseverative errors (de Zubicaray et al., 1998) , perseverative errors (Obonsawin et al., 1999) , and positively related to number of categories achieved (de Zubicaray et al., 1998; Lineweaver et al., 1999) . However, Plumet, Gil, & Gaonac'h, (2005) found that education no longer had an effect on distractive errors after age 70, and attentional focus on sorting rules were more affected by age than education. Total number of errors on the M-WCST (Bird, Papadopoulou, Ricciardelli, Rossor, & Cipolotti, 2004) , number of categories completed (Bird et al., 2004; Obonsawin et al., 1999) , number and percent of perseverative errors (Obonsawin et al., 1999) have been significantly associated with IQ. Lineweaver et al. (1999) found that sex is associated with non-perseverative errors, such that men make more of these errors than women, but generally there are no sex differences for the M-WCST (Caffarra, Vezzadini, Dieci, Zonato, & Venneri, 2010; Obonsawin et al., 1999) .
Normative data have been accumulated for the M-WCST in various populations. In a review of the M-WCST, de Zubicaray & Ashton (1996) compiled a summary of healthy control data before any norma-tive studies had been conducted. Normative data for healthy English-speaking adults have been obtained by Obonsawin et al. (1999) from 146 individuals between the ages of 16 and 75 years, and by Lineweaver and colleagues (1999) from 229 individuals between the ages of 45 and 91. In Italy, norms have also been developed for adults between the ages of 20 and 90 years (Caffarra et al., 2004) , and for children between the ages of 4 and 13 years (Cianchett, Corona, Foscoliano, Contu, & Sannio-Fancello, 2007) . Additionally, normative data for the M-WCST were developed in 465 healthy Chinese individuals between the ages of 16 and 75 (Wang et al., 2011) .
To date, there have been no normative data developed for Latin America on the M-WCST despite its wide use in the region. While norms have been developed for Latinos in the United States on the WCST (Rey, Feldman, Rivas-Vazquez, Levin, & Benton, 1999) , none are available for the M-WCST. Because the M-WCST is considered its own measure of executive functioning (de Zubicaray & Ashton, 1996) , scores should not be compared to norms of the WCST. Normative studies on the M-WCST to date have largely ignored the effects of race and ethnicity (e.g., Lineweaver et al., 1999; Obonsawin et al., 1999) . It is imperative to develop norms specifically for the Latin American population to accurately assess deficits in executive functioning of the general population, and in the future, elderly and rehabilitation populations in order to identify significant executive dysfunction and implement appropriate treatment interventions.
Method

Participants
The sample consisted of 3,977 healthy individuals who were recruited from Argentina, Bolivia, Chile, Cuba, El Salvador, Guatemala, Honduras, Mexico, Paraguay, Peru, and, Puerto Rico. The participants were selected according to the following criteria: a) were between 18 to 95 years of age, b) were born and currently lived in the country where the protocol was conducted, c) spoke Spanish as their native language, d) had completed at least one year of formal education, e) were able to read and write at the time of evaluation, f) scored ≥23 on the Mini-Mental State Examination (MMSE, Folstein, Folstein, & McHugh, 1975) , g) scored ≤4 on the Patient Health Questionnaire-9 (PHQ-9, Kroenke, Spitzer, & Williams, 2001) , and h) scored ≥90 on the Barthel Index (Mahoney, & Barthel, 1965) .
Participants with self-reported neurologic or psychiatric disorders were excluded due to a potential effect on cognitive performance. Participants were volunteers from the community and signed an informed consent. Twenty-three participants were excluded from the analyses, with a final sample of 3,954 participants. Socio-demographic and participant characteristics for each of the countries' samples have been reported elsewhere (Guàrdia-Olmos, Peró-Cebollero, Rivera, & Arango-Lasprilla, 2015) . The multi-center study was approved by the Ethics Committee of the coordinating site, the University of Deusto, Spain.
Instrument administration
The M-WCST consists of four stimulus cards and 48 response cards. Each card varies in shape (cross, circle, triangle or star), color (red, blue, yellow or green), and number (one to four). The participant's first response is always considered right, and during the administration, the examiner informs whether the choice is correct or not until the subject correctly classifies six consecutive cards to complete a category. Then, the examiner indicates that the rules have changed and to try to "find another rule." If the second category chosen differs from that which was chosen in the first is considered correct. The test continues until all six categories are classified or until the whole volume has been used (Schretlen, 2010; Greve, 2001; Nelson, 1976) . The test allows for calculation of the number of categories, perseverations, and total errors.
Statistical analyses
The detailed statistical analyses used to generate the normative data for this test are described in Guàrdia-Olmos, et al. (2015) . In summary, the data manipulation process for each country-specific dataset involved five-steps: a) t -tests for independent samples and effect sizes (r) were conducted to determine gender effects. If the effect size was larger than 0.3, gender was included in the model with gender dummy coded and female as the reference group (male = 1 and female = 0). b) A multivariable regression model was used to specify the predictive model including gender (if effect size was larger than 0.3), age as a continuous variable, and education as a dummy coded variable with 1 if the participant had >12 years of education 
; c) residual scores were calculated based on this final model (e i = y i − y i ); d) using the SD (residual) value provided by the regression model, residuals were standardized: z = e i /SD e , with SD e (residual) = the standard deviation of the residuals in the normative sample; and e) standardized residuals were converted to percentile values (Strauss et al., 2006) . Using each country's dataset, these steps were applied to M-WCST number of categories correct, perseverative errors, and total errors.
Results
Number of categories correct
Regarding the effect of gender on M-WCST numbers of categories correct, the t-tests showed significant differences between men and women for Argentina, Chile, El Salvador, Guatemala, Honduras, Mexico, and Paraguay, however, none of these four countries had an effect size larger than 0.3. Table 1 shows the results of the gender analyses by country on M-WCST numbers of correct categories. As shown in Table 1 , the effect sizes for all countries were less than 0.3, and therefore gender was not taken into account to generate the normative data for M-WCST number of correct categories scores for any of the countries in the study.
The final eleven M-WCST numbers of correct categories multivariate linear regression models for each country are shown in Table 2 . In all countries, except Bolivia, and Chile, the M-WCST numbers of correct categories increased for those with more than 12 years of education (see Table 2 ), and, in all countries except Guatemala, M-WSCT number of correct categories decreased in a linear fashion as a function of age. The amount of variance explained in M-WCST numbers of correct categories ranged from 7% (in Argentina) to 33% (in Peru).
Number of perseverative errors
Regarding the effect of gender on M-WCST number of perseverative errors, the t-tests showed significant differences between men and women in the countries of Chile, Guatemala, Honduras, Mexico, Paraguay, and Peru. Table 3 shows the results of the gender analysis by country on M-WCST number of perseverative errors. As shown in Table 3 , the effect sizes for all countries were less than 0.3, and therefore gender was not taken into account to generate M-WCST number of perseverative errors normative data. The final eleven multivariate linear regression models for the M-WCST number of perseverative errors for each country are shown in Table 4 . In all countries, except Bolivia and Chile, the M-WCST number of perseverative errors decreased for those with more than 12 years of education (see Table 4 ) and, except Honduras and Guatemala, M-WCST number of perseverative errors increased in a linear fashion as a function of age. The amount of variance explained in M-WCST number of perseverative errors ranged from 3% (in Chile) to 32% (in Paraguay).
Number of total errors
Regarding the effect of gender on M-WCST number of total errors, the t-tests showed significant differences between men and women for Chile, Mexico, and Paraguay. Table 5 shows the results of the gender analysis by country on M-WCST number of total errors. As shown in Table 5 , the effect sizes for all countries were less than 0.3, and therefore gender was not taken into account to generate M-WCST number of total errors normative data.
The final eleven multivariate linear regression models for the M-WCST number of total errors for each country are shown in Table 6 . In all countries, except Bolivia and Chile, the M-WCST number of total errors decreased for those with more than 12 years of education (see Table 6 ) and, except Guatemala and Honduras, increased in a linear fashion as a function of age. The amount of variance explained in M-WCST number of total errors ranged from 2% (in Chile) to 33% (in Paraguay).
Normative procedure
Norms (e.g., a percentile score) for the M-WCST different scores were established using the five-step procedure described above. To facilitate the understanding of the procedure to obtain the percentile associated with a score on this test, an example will be given. Suppose you need to find the percentile score for a Mexican man, who is 50 years old and has 15 years of education. He has completed four categories on the M-WCST. The steps to obtain the percentile for this score are: a) Check Table 1 to determine if the effect size of gender in the country of interest (Mexico) on this test and task (M-WCST numbers of categories corrects) is greater than 0.3 by country. The column labelled r in Table 1 indicates the effect size. In this example, the effect size is 0.116, which is not greater than 0.3. For Mexicans on this test, gender does not influence scores to a sufficient degree to take it into account when determining the percentile. b) Find Mexico in Table 2 , which provides the final regression models by country for M-WCST numbers of correct categories. Use the B weights to create an equation that will allow you to obtain the predicted M-WCST numbers of correct categories. The corresponding B weights are multiplied by the actual age and dichotomized education scores and added to a constant in order to calculate the predicted value. In this case, the predicted M-WCST numbers of categories corrects would be calculated using the equation In order to calculate the residual value (indicated with an e in the equation), we subtract the actual value from the predicted value we just calculated (e i = y i − y i ). In this case, it would be e i = 4 − 5.159 = −1.159. d) Next, consult the SD e column in Table 2 to obtain the countryspecific SD e (residual) value. For Mexico it is 1.628. Using this value, we can transform the residual value to a standardized z score using the equation (e i /SD e ). In this case, we have (−1.159)/1.628 = −0.712. This is the standardized z score for a Mexican man aged 50 and 15 years of education and four categories completed in the M-WCST. e) The last step is to look-up the tables in the statistical reference books (e.g. Strauss et al., 2006) or use a trusted online calculator like the one available at http://www.measuringu.com/pcalcz.php. In the online calculator, you would enter the z score and choose a one-sided test and note the percent of area after hitting the submit button. In this case, the probability of −0.712 corresponds to the 23th percentile. Please remember to use the appropriate tables that correspond to each test when performing these calculations. If the percentile for the others M-WCST scores is desired, Tables 3-6 must be used.
User-friendly normative data
The five-step normative procedures explained above can provide more individualized norms. However, this method can be prone to human error due to the number of required computations. To enhance user-friendliness, the authors have completed these steps for a range of raw scores based on small age range groupings (see Guàrdia-Olmos, et al., 2015) and created tables that clinicians can more easily use to obtain a percentile range associated with a given raw score on this test. These tables are available by country and type of test in the Appendix. In order to obtain an approximate percentile for the above example (converting a raw score of four categories for a Mexican man who is 50 years old and has 15 years of education) using the simplified normative tables provided, the following steps are recommended. (1) First, identify the appropriate table ensuring the specific country and test. In this case, the table for M-WCST numbers of categories corrects for Mexico can be found in Table A8 . (2) Note if the title of the table indicates that it is only to be used for one specific gender. In this case, gender is not specified. Thus Table A8 is used for both males and females. (3) Next, the table is divided based on educational level (1 to 12 vs. more than 12 years of education). Since this man has 15 years of education, he falls into the more than 12 years of education category. These data can be found in the top section of the table. (4) Determine the age range most appropriate for the individual. In this case, 50 falls into the column 48-52 years of age. (5) Read down the age range column to find the approximate location of the raw score the person obtained on the test. Reading down the 48-52 column, the score of four obtained by this Mexican man corresponds to an approximate percentile of 20.
The percentile obtained via this user-friendly table method (20th) is slightly different from the more exact one (23th) obtained following the individual conversion steps above because the table method is based on an age range (e.g., individuals aged 48-52) instead of the exact age (individuals aged 50). If the exact score is not listed in the column, you must estimate the percentile value from the listed raw scores.
Discussion
The purpose of the current study was to generate normative data on the M-WCST across 11 countries in Latin America, with country-specific adjustments for gender, age, and education, where appropriate. The final multiple linear regression models explained between 7-33% of the variance in M-WCST number of categories correct, 3-32% of the variance in number of perseverative errors, and 2-33% of the variance in number of total errors. Although there were a number of gender differences across various M-WCST scores in different countries, all effect sizes were small, and therefore gender-adjusted norms were not generated for any country. These findings tend to concur with the previous literature. Although one study found men to make more perseverative errors than women (Lineweaver et al., 1999) , most studies have found no gender differences in performance on the M-WCST (Caffarra et al., 2010; Obonsawin et al., 1999) . In light of the previous literature, the results from the current study suggest that gender should not be taken into account in calculating percentiles for the M-WCST in Latin America.
The various M-WCST scores generally increased linearly as a function of education in most countries. However, this was not true for number of categories correct, number of perseverative errors, or number of total errors in Chile and Bolivia. This general pattern of findings corroborated previous research which has found higher education to be negatively associated with non-perseverative errors (de Zubicaray et al., 1998) and perseverative errors (Obonsawin et al., 1999) , as well as positively associated with number of categories correct (de Zubicaray et al., 1998; Lineweaver et al., 1999) . When considering this previous research, it is suggested that neuropsychologists in Latin America use the education-adjusted norms generated for each country when administering the M-WCST in that country, except in Chile and Bolivia on the various M-WCST score categories which showed no effect of education. Because there are likely large differences in the quality of education throughout different countries in Latin America, the current data's education adjustments will be useful when administering the M-WCST across many different Latin American countries.
M-WCST scores worsened with increasing age in all countries except for on the number of perseverative errors and number of total errors in Honduras and Guatemala. Previous studies have found that higher age is associated with a greater number and percent of perseverative errors (Axelrod & Henry, 1992 ; de Zubicaray (Lineweaver et al., 1999) . When considering the previous findings, those from the current study suggest that M-WCST corrections for age in Latin America should be made in all countries except in Honduras and Guatemala on the M-WCST score categories that showed no age effect.
Limitations and future directions
This study has several limitations and perhaps as a result, directions for future research. First, all participants in this study spoke Spanish as a primary language, but data were not collected on bilingualism. Because M-WCST performance could potentially differ for people who speak secondary languages, future research would benefit from examining effects of bilingualism on performance. Data collection occurred in specific cities or regions of the countries in Latin America instead of nationally. The current study is the largest neuropsychological normative study conducted to date in Latin America for the M-WCST, or in any global region, and thus it should be seen as a first step for larger and nationally representative normative studies. The sample was limited in that although many participants had fewer than 12 years of education, illiterate individuals were ineligible to participate and the current norms may not generalize to illiterate adults. In the same manner, participants with a history of neurological conditions and children were not sampled, so future studies should be conducted with these populations.
Second, neuropsychologists should be careful about using the M-WCST norms generated in this study for people in countries other than those from which data were collected. Future studies need to create M-WCST norms in other countries in Latin America including Ecuador, Uruguay, Venezuela, and Panama. Despite this limitation, the current M-WCST norms may be more accurate in Latin American countries not a part of this study than other norms currently in use. This generalizability is a critical area for future research.
Third, the M-WCST is a common instrument in Latin America, but other instruments should be normed following similar procedures in order to improve their use in this region. Future studies should similarly examine the psychometric properties and ecological validity of the M-WCST, as well as other common assessment tools in Latin America. Researchers should also create instruments within Latin American cultures with good ecological validity, because the M-WCST was created in a Western culture different from the various cultures in Latin America. Future studies should create assessments within local cultures, not just translate and norm tests from other countries.
Despite these limitations, no studies have yet produced M-WCST norms in Spanish-speaking populations. This study was the first to generate M-WCST norms across 11 countries in Latin America with nearly 4,000 participants. It was the largest, most comprehensive M-WCST normative study to date in any global region, and its norms will likely affect the standard of neuropsychological assessment with the M-WCST in Latin America unlike any study before it. >12 years of education
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